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Time: 90 minutes. 
 
NB: If I cannot read your handwriting, the answer is wrong. Marks are also deducted if you do not 
follow the instructions of the question, for misspelling of the names of rock and minerals, and for 
nonsense (so a combination of a correct answer and a grossly incorrect statement is not going to 
earn you full marks).  
 
Q. 1. 10 marks 
Given the molar thermodynamic data for two polymorphs of TiO2: 
 rutile anatase 
S˚ (J/mol*K) 50.6 49.9 
V (cm
3
/mol) 18.82 20.52 
What is the slope of the equilibrium line in P-T space? (Don't forget to give units in your answer, 
and show your calculation).  
 
 
 
Q .2 (20 marks) 
We look at the behavior of two contrasting solids, A and B during partial melting 
(equilibrium melting). Remember to draw in the appropriate lines and label line 
segments with their length when you are applying he lever rule.  
a. When A and B are still solid, which minerals are present? 
b. At which temperature does melting start for A, and at which temperature for B? 
c. Which mineral phase is the first one to disappear for composition A, and which for 
composition B? 
d. For both composition A and B, calculate the percentages of the three phases 
present at the moment that the first mineral has just disappeared.  
 
 
Q. 3 10 marks 
A rock consists for 5 weight% of olivine and for 95% of basaltic glass. The concentration of Ni in 
the olivine is 1000 ppm, and the concentration in the whole rock (glass + crystals) is 145 ppm. 
What is the olivine/melt distribution coefficient for Ni (i.e. DNi
ol/melt
)? 
 
 
Q. 4 (15 marks)  
In the diagram above you see data for a set of lavas, related to each other by crystal fractionation. 
Also shown are the analyses of three mineral phases. Only two out of the three minerals plotted 
are actually fractionating from the magma. Which two minerals, and what are their relative 
percentages? 
 
Q. 5 (15 points) 
Give a one-sentence definition / description of: 
a. Cone sheet 
b. Oikocryst 
c. Granophyric texture 
d. Liquidus curve 
e. Modal mineralogy 
 
Q. 6 (10 pts) 
When granitic batholiths form, space must be created for them in the country rocks which they 
intrude. Describe three mechanisms by which this space can be created. 
 
Q. 7 (10 pts) 
What is the difference between alkaline, subalkaline and calc-alkaline magma series? Illustrate 
your explanation with relevant sketch diagrams. 
 
Q. 8 (10 pts) 
Explain which variables cause an increase in the viscosity of magmas.  
